Objective-To examine how fetal and infant growth are related to left ventricular mass in adult life. Design-A follow up study of men born during 1920-30 whose birth weights and weights at 1 year were recorded. Setting-Hertfordshire, England. Subjects-290 men born and still living in East Hertfordshire, England. Main outcome measure-Left ventricular mass calculated from measurements of interventricular septal thickness and left ventricular posterior wall thickness and left ventricular internal diameter at end diastole measured by M mode echocardiography. Results-Left ventricular mass was highest in men with the lowest weight at 1 year and fell with increasing weight at 1 year (r = 0-18, P = 0.01). Left ventricular mass was not related to birth weight. The relation with weight at 1 year was independent of factors in adult life known to influence left ventricular mass, including body size, systolic blood pressure, and age. The enlarged left ventricular mass associated with reduced growth in infancy was concentric, affecting both the interventricular septum and the left ventricular posterior wall. Concentric left ventricular hypertrophy is known to be associated with increased death rates from coronary artery disease. Conclusion-Low weight at 1 year is associated with concentric enlargement of the left ventricle in adult life. This is consistent with a previous finding of higher mortality from cardiovascular disease in men of low weight at 1 year, and provides further evidence that cardiovascular disease may be partly programmed in early life. The left ventricular enlargement may be a long term result of haemodynamic changes in utero or of persisting changes in growth factor concentrations. (Br Heart3r 1995;73:363-367) Keywords: birth weight; left ventricular enlargement; weight at one year; cardiovascular disease Recent findings suggest that the pathogenesis of coronary heart disease begins in fetal life and infancy.' Among 10 141 men born during in Hertfordshire, England, whose birth weights and weights at 1 year were recorded, men with the lowest birth weights and weights at 1 year had the highest death rates from coronary heart disease.23 Reduced growth in utero and during infancy was also associated with an increased risk of hypertension, non-insulin dependent diabetes,4 and raised LDL cholesterol5 6 and fibrinogen7 concentrations in adult life. These findings have led to the hypothesis that coronary heart disease originates from early programming whereby undernutrition during sensitive periods in early development permanently changes the body's structure and physiology.89
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Left ventricular hypertrophy, determined by either electrocardiography or echocardiography, has been shown to be a strong predictor of morbidity and death from coronary heart disease.'0 Much of the variance in left ventricular mass in adults is unexplained by known influences, such as body size and systolic blood pressure." 12 The human heart has its highest growth rates in fetal and early postnatal life.'3 14 Neither the relation between this early growth and adult left ventricular mass nor the long-term effects of early growth retardation have yet been studied. Doppler ultrasound studies have shown that in some growth retarded fetuses haemodynamic changes result in the redistribution of blood flow to the brain at the expense of the viscera and lower limbs. This redistribution is associated with an increase in left ventricular blood flow and increased peripheral arterial resistance.'5 16 Such haemodynamic changes could produce long-term changes in left ventricular size.
We measured left ventricular mass in a sample of men whose birth weights and weights at one year had been recorded. Viiayakumar, Fall, Osmond, Barker and insulin concentrations4 were measured, and the results have previously been reported. We reapproached the 370 men who had complete measurements on all blood samples and asked them to take part in this study. Seven of the 370 had died and 11 had moved away: 290 (82%) of the remaining 352 took part. The men were visited at home by a nurse who asked for details of current smoking habits and alcohol consumption. Alcohol consumption was converted to the total number of units per week (1 unit = 10 ml ethanol).
Patients and methods
After the interview subjects were asked to come to a local clinic where left ventricular mass was measured echocardiographically according to the recommendations of the American Society of Echocardiography. 18 Cross sectionally directed M mode echocardiographic examination was carried out by one of two doctors (MV and CHDF), with the subjects in the partial left decubitus position, using a 2-25 Hz transducer (sim 5000, Esota Biomedica, Italy). The interventricular septum and left ventricular posterior wall, at or just below the mitral valve leaflets, were simultaneously visualised throughout the cardiac cycle. The M mode cursor was placed perpendicularly to the long axis of the left ventricle. M mode prints were made using a video printer (Sony UP930, Japan). Measurements of the left ventricular internal diameter at end diastole (LVIDD) and end systole (LVIDS), interventricular septal thickness at end diastole (IVSD), and left ventricular posterior wall thickness at end diastole (LVPWD) were made from the prints using a digitiser (Genius GT1212B, Taiwan). Measurements were made in five cardiac cycles and the mean was used in the analysis.
Left ventricular mass was calculated by an anatomically validated method'9 using the formula: LV mass = 0'8 [1-04 ((IVSD + LVIDD + LVPWD)3 -LVIDS3)] + 0-6 g.
Relative wall thickness (RWT) was calculated using the formula: [2 x (LVPWD/LVIDD)]. Left The distributions of left ventricular mass and MN ratio were skewed. We transformed the values using logarithms. Differences in left ventricular mass in men with and without coronary heart disease were assessed by a two sample t test, and differences between smokers, non-smokers, and ex-smokers were assessed by one way analysis of variance. Multiple linear regression analysis was used to analyse the relation of left ventricular mass with birth weight, weight at one year, factors in adult life known to influence ventricular mass including body size, age, and systolic blood pressure and other potential confounding factors including social class (treated as an ordinal variable) and alcohol consumption.
Results
Of the 290 men examined we excluded five with valvar heart disease and two with left ventricular dyskinesia. In a further 81 (29%) men suitable views of the left ventricle were not obtained: in 32 this was because an inadequate parasternal echogenic window made it impossible to align the M mode cursor perpendicularly to the long axis of the left ventricle and in 49 either the posterior septal wall or the posterior ventricular wall was not seen distinctly enough to make measurements. The analysis is based on 202 men. Their mean age was 66-9 (SD 3 2) years.
Their geometric mean left ventricular mass was 203 g (range 103-377 g; geometric standard deviation 1 26). Left ventricular mass was higher in men of larger body size, rising with increasing body mass index (weight (kg)/height(m)2) (r = 0-25; P = 0 0003), and with increasing body surface area (r = 0 2 1; P = 0 002). It also rose with increasing systolic blood pressure (r = 0-27; P = 0 0001) and with increasing age (r = 0 13; P = 0 07). Geometric mean left ventricular mass was higher (226 g) in the 33 men with coronary heart disease than in the men without (199 g) (difference 27 g; 95% C.I. 8 to 47; P = 0-004). There were no significant differences in left ventricular mass between smokers (geometric mean 203 g, n = 30), ex-smokers (geometric mean 205 g, n = 136), and lifetime non-smokers (geometric mean 198 g, n = 36). Left ventricular mass was not related to alcohol consumption, current social class, or social class at birth. The relation of left ventricular mass to other biochemical and haematological risk factors for cardiovascular disease, including plasma fibrinogen and factor VII concentrations; serum LDL cholesterol, HDL cholesterol, and triglyceride concentrations; and plasma glucose and insulin concentrations (fasting and after an oral glucose load) was examined. Plasma fibrinogen and serum LDL cholesterol concentrations were both positively related to left ventricular mass (r = 0 19, P =00006 and r = 0'17, P = 0X02 respectively), independently of body mass index. None of the other risk factors was related to left ventricular mass. We have previously shown that plasma fibrinogen concentrations were higher in men who had low weight at one year.7 Left ventricular mass remained significantly inversely related to weight at one year (P = 002), after allowing for plasma 
